Background. Little is known about how different antiretrovirals effect inflammation and monocyte activation in human immunodeficiency virus (HIV) infection.
among HIV-infected individuals, the role of persistent immune activation, specifically monocyte activation, has recently received much attention, as well [9] [10] [11] . Continued immune activation in HIV-infected persons during ART may be the result of enterocyte damage leading to microbial translocation [12, 13] , coinfections [14] [15] [16] , persistent low-level viral replication [17] , or ART itself [18] , and little is known about the differential effects of the many available antiretroviral medications on inflammation and immune activation in HIV infection. It is plausible that the integrase inhibitor class may decrease inflammation and immune activation more than other antiretroviral classes, because integrase inhibitors are more lipid friendly [19, 20] and may concentrate better in enterocytes [21] . Understanding the effect of specific antiretroviral medications on inflammation is important because there many medications available for the treatment of HIV infection and because inflammation has been linked to mortality in treated infection [22, 23] .
The aim of this study was to compare changes from baseline to 24 and 48 weeks in levels of markers of monocyte activation and of systemic and vascular inflammation between ART-naive HIV-infected adults randomly assigned to receive an integrase inhibitor-based regimen, elvitegravir/cobicistat/emtricitabine/ tenofovir disoproxil fumarate (EVG/c/FTC/TDF) or efavirenz/ emtricitabine/tenofovir disoproxil fumarate (EFV/FTC/TDF), in the Gilead 102 study [24] . Our hypothesis was that the markers of monocyte activation and systemic and vascular inflammation would decrease to a greater degree in the EVG/c/FTC/TDF group.
METHODS
Gilead 102 is a 96-week, randomized, double-blinded, activecontrolled clinical trial to evaluate the safety and efficacy of EVG/c/FTC/TDF versus that of EFV/FTC/TDF in HIV-infected ART-naive adults. The entry criteria for this study have been published previously [24] . In brief, eligibility criteria were age ≥18 years, HIV-1 RNA level of ≥5000 copies/mL, no prior ART use, genotypic susceptibility to emtricitabine, tenofovir, and efavirenz, estimated glomerular filtration rate (eGFR) of ≥70 mL/min by the Cockcroft-Gault equation, liver transaminase levels ≤5 times the upper limit of normal, absolute neutrophil count of ≥1000 neutrophils/mm 3 , platelet count of ≥50 000 platelets/mm 3 , hemoglobin level of ≥8.5 g/dL, life expectancy of ≥1 year from the time of enrollment, no AIDS-defining conditions diagnosed within 30 days, not currently receiving treatment for hepatitis C or other drugs known to interact with the study medications or systemic corticosteroids, no active infection or malignancy, and no current alcohol or substance use judged to potentially interfere with study compliance. Participants were randomly assigned at a ratio of 1:1 to receive EVG/c/FTC/TDF or EFV/FTC/TDF, as well as placebo matching the study drug administered to the other treatment group. The participants for this study were a random sample of Gilead 102 participants who achieved an HIV-1 RNA level of <50 copies/mL by week 48 and had a stored plasma specimen available from entry, week 24, and week 48 visits. All participants of the Gilead 102 study provided written informed consent, which included consent for use of stored blood specimens for clinical tests to be performed later. This study was approved by the University Hospitals Case Medical Center Institutional Review Board.
The primary outcomes in this study were changes from baseline to week 48 in levels of soluble CD14 (sCD14) and soluble CD163 (sCD163), markers of monocyte activation; levels of soluble tumor necrosis factor α receptor I (sTNF-RI), interleukin 6 (IL-6), and high sensitivity C-reactive protein (hsCRP), markers of systemic inflammation; and the level of lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ), a marker of vascular inflammation. Secondary outcomes of interest were changes in levels of these markers from baseline to 24 weeks and relationships between changes in monocyte activation and inflammation markers.
Markers of Inflammation and Immune Activation
Participants had blood specimens collected after an 8-hour fast at entry, week 24, and week 48. Plasma specimens were stored at −80°C and never thawed until analysis. Stored plasma samples were analyzed using specific enzyme-linked immunosorbent assay kits as per the manufacturers' instructions (diaDexus [South San Francisco, California] for Lp-PLA 2 ; R&D Systems [Minneapolis, Minnesota] for all others). Markers with compelling data linking them to CVD risk and mortality during HIV infection were selected [25] [26] [27] [28] [29] .
Statistical Analysis
Data on demographic characteristics, clinical indices, and HIVrelated factors are presented overall and by group at baseline. Median values and interquartile ranges (IQRs) are reported for continuous variables, and numbers and percentages are reported for categorical variables. Absolute and percentage changes from baseline to week 24 and from baseline to week 48 in levels of markers of monocyte activation and inflammation, as well as clinically relevant variables, were determined. All baseline variables and end points were compared between groups, using unpaired t tests or Wilcoxon rank sum tests, as warranted by the distribution of data, for continuous variables and using χ 2 tests, Fisher exact tests, or Pearson exact χ 2 tests, as appropriate, for categorical variables. Within-group changes were tested using paired t tests or Wilcoxon signed rank tests appropriate for the distribution of data. For the regression analyses, all variables with nonnormally distributed data were log-transformed prior to model fitting. Univariable followed by multivariable linear regression was used to explore relationships of baseline factors with baseline log-transformed sCD14 and log-transformed Lp-PLA 2 . Variables tested in the univariable analyses included age, sex, race, hepatitis B and C status, weight, CD4 + T-cell count, HIV-1 RNA All final models were checked to be sure the assumptions of linear regression were met. All statistical tests were 2 sided, and differences with a P value of < .05 were considered statistically significant. Adjustments were not made in this significance level for multiple comparisons. Analyses were performed using SAS, version 9.2 (SAS Institute, Cary, North Carolina).
With 200 participants in this study and the assumption of a conservative common SD of 10%, our study had 80% power to detect a between-group difference as low as 4% in the percentage change in biomarker levels over 48 weeks, using an unpaired t test with a 2-sided 0.05 level of significance.
RESULTS

Baseline Characteristics
Two hundred participants were included in this study (100 in each group). Participants did not differ from the Gilead 102 population with regard to baseline characteristics (data not shown). At baseline, the 2 treatment groups were balanced with regard to all demographic and HIV-related factors, except there were more participants receiving antihypertensive medications in the EVG/c/FTC/TDF group (18% vs 8%; P = .04). When comparing individual classes of antihypertensive medications, only diuretic use was higher in the EVG/c/FTC/TDF group (13% vs 3%; P < .01); proportion of participants receiving medications from other classes were similar between groups (Table 1) . Overall, the median age was 38 years (IQR, 30-44.5 years), and the majority of participants were men (89%) and white (65%); 30% were African American, and 5% were from other racial groups. The median baseline weight was 81 kg (IQR, 70.5-92.6 kg), and the median eGFR was 120.2 mL/ min (IQR, 99.2-137.2 mL/min). Three and five participants had chronic hepatitis B virus and chronic hepatitis C virus infections, respectively. All participants were ART naive at study entry, by design, with a median baseline CD4 + T-cell count of 371.5 cell/mm 3 (IQR, 267.5-484.5 cell/mm 3 ) and a median HIV-1 RNA load of 64 900 copies/mL (IQR, 25 050-147 000 copies/mL). At baseline, 10% were receiving at least 1 cholesterol-lowering medication, including 4 participants receiving an HMG-CoA reductase inhibitor or statin.
Changes in Markers After ART Initiation
At baseline, levels of markers of monocyte activation and systemic and vascular inflammation were similar between groups. Baseline, week 24, week 48 values and absolute changes from baseline to week 24 and to week 48 in levels of all markers are shown in Table 2 . Within the EVG/c/FTC/TDF group, levels of all markers decreased significantly relative to baseline by week 48, with the exception of Lp-PLA 2 , for which the decrease neared significance (P = .06). In the EFV/FTC/TDF group, the changes were mixed. Over 48 weeks, levels of sCD163, sTNF-RI, and IL-6 decreased significantly; however, the level of Lp-PLA 2 increased, and the levels of sCD14 and hsCRP did not change significantly. Percentage changes in the markers are shown in Figure 1 . Within-group percentage changes in levels of the markers were similar to the absolute changes except, within the EVG/c/FTC/TDF group, the change in hsCRP level was not statistically significant and, in the EFV/FTC/TDF group, increases in sCD14 and hsCRP levels were significant at both week 24 and week 48. Absolute and percentage changes from baseline to week 24 and from baseline to week 48 were significantly different for sCD14, hsCRP (absolute change only), and Lp-PLA 2 levels, with changes favoring the EVG/c/FTC/TDF group. Changes were similar between groups for sCD163, sTNF-RI, and IL-6 levels. After adjustment for percentage changes from baseline to week 48 in weight, CD4 + T-cell count, hemoglobin level, eGFR, glucose level, and lipoprotein levels, percentage changes from baseline to week 48 in sCD14 and Lp-PLA 2 levels remained significantly different between groups, with changes favoring EVG/c/FTC/TDF (data not shown).
Changes in Other Clinically Relevant Factors After ART Initiation
In this sample, absolute changes in CD4 + T-cell count from baseline to week 24 and from baseline to week 48 23], respectively), as was the proportion of participants achieving an HIV-1 RNA level of <50 copies/mL by week 24 (95% and 96% for EVG/c/FTC/TDF and EFV/FTC/TDF, respectively; P = .72). By design, all participants had an undetectable HIV-1 RNA level by week 48. The decline in eGFR was greater in the EVG/c/FTC/TDF group, and this was apparent by week 24 (−11.3 and −0.2 mL/min for EVG/c/FTC/TDF and EFV/FTC/TDF, respectively; P < .0001). Absolute changes in lipoprotein levels were similar between groups, with the exception of the high-density lipoprotein (HDL) cholesterol level, which increased more in the EFV/FTC/TDF group by week 48 (5 vs 8 mg/dL; P = .045). The absolute change in weight was greater in the EVG/c/FTC/TDF group from baseline to week 24 (0.9 and 0 kg for EVG/c/FTC/TDF and EFV/FTC/TDF, respectively; P = .01) but was similar between groups by week 48 (1 and 0.7 kg for EVG/c/FTC/TDF and EFV/FTC/TDF, respectively; P = .13). Glucose levels increased to a greater degree in the EFV/FTC/TDF group from baseline to week 48 (2 vs 5.5 mg/dL; P = .02). Changes in hemoglobin levels were similar between groups.
Factors Associated With sCD14 and Lp-PLA 2 Levels at Baseline
In an exploratory analysis, we determined factors independently associated with the log-transformed sCD14 level and the logtransformed Lp-PLA 2 level at baseline (Table 3) . Factors independently associated with higher sCD14 levels prior to ART initiation were lower weight, CD4 + T-cell count, hemoglobin level, and low-density lipoprotein (LDL) cholesterol level and higher HIV-1 RNA load, HDL cholesterol level, triglycerides level, sTNF-RI level, and IL-6 level. Factors independently associated with a higher Lp-PLA 2 level prior to ART were male sex and higher total cholesterol and sTNF-RI levels. 
Factors Associated With Change in sCD14 and Lp-PLA 2 Levels
We also determined factors independently associated with the percentage change from baseline to 48 weeks in log-transformed sCD14 and Lp-PLA 2 levels (Table 4) . For percentage change from baseline to week 48 week in the log-transformed sCD14 level, randomization group remained independently associated in the final model, such that being randomly assigned to the EVG/c/FTC/TDF group was associated with a larger decline in the sCD14 level over 48 weeks. Additional factors that were independently associated with a larger decrease in the sCD14 level included higher baseline sCD14 level, lower baseline CD4 + T-cell count, lower baseline HDL cholesterol level, larger increases in weight and eGFR, and larger decreases in sCD163 and hsCRP levels over 48 weeks. For percentage change from baseline to week 48 in the Lp-PLA 2 level, factors independently associated with a larger decrease in the Lp-PLA 2 level were higher baseline Lp-PLA 2 and IL-6 levels and a lower baseline LDL cholesterol level, as well as smaller increases in total cholesterol and triglycerides levels, a larger decrease in the sCD14 level, and a smaller decrease in the sCD163 level. Randomization group was not independently associated with percentage change in the Lp-PLA 2 level; however, after removing changes in sCD14 and sCD163 levels from the model, randomization group was associated with changes in the Lp-PLA 2 level. We considered that changes in monocyte activation could be in the causal pathway between randomization group and changes in the Lp-PLA 2 level, which is why changes in sCD14 and sCD163 levels were removed from this model. 
DISCUSSION
To date, there are limited data describing the differential effects of currently recommended first-line antiretroviral regimens on immune activation and inflammation during HIV infection. As long as viral suppression remains the goal of HIV treatment, choosing ART with the least long-term toxicity and highest benefit is of great priority in the management of this chronic illness. To our knowledge, this is the first study to compare the effects of ART initiation with an integrase inhibitor (elvitegravir)-and nonnucleoside reverse transcriptase inhibitor (NNRTI; efavirenz)-based regimen on markers of monocyte activation and systemic and vascular inflammation. We show here that, over 48 weeks, greater improvements in sCD14, hsCRP, and Lp-PLA 2 levels are achieved with EVG/c/FTC/ TDF, compared with EFV/FTC/TDF. In HIV infection, published studies have consistently demonstrated that ART initiation leads to decreases in levels of systemic markers of inflammation, with the exception of hsCRP [30] [31] [32] [33] [34] [35] , and decreased levels of immune activation [36, 37] . However, there are few studies that compare the effects of specific antiretrovirals and only one that included the integrase inhibitor class [34, 35, 38] . The results of these studies are consistent with findings for the EFV/FTC/TDF group in our study, in which levels of sTNF-RI and IL-6 decreased and the level of hsCRP remained similar. In a randomized, open-label trial of efavirenz or lopinavir/ritonavir (LPV/r) in combination with zidovudine/ lamivudine initially, sTNF-RI and sTNF-RII levels decreased significantly over 24 weeks; however, the sTNF-RI level tended to increase to baseline by week 96, whereas decreases in the sTNF-RII level were maintained. There were no between-group differences in the changes observed [34] . In A5224s, a substudy of A5202, in which ART-naive, HIV-infected participants were .03
HIV-1 RNA load, copies/mL 2.19 × 10 −7 ± 7.25 × 10 −8 <.01
Hemoglobin level, g/dL −2.56 × 10 −2 ± 9.88 × 10 
<.0001
Abbreviations: HDL, high-density lipoprotein; HIV-1, human immunodeficiency virus type 1; IL-6, interleukin 6; LDL, low-density lipoprotein; SE, standard error; sTNF-RI, soluble tumor necrosis factor α receptor I. a Variables with a P value of < .25 in univariable analysis but not selected for inclusion in the final model included sex, race (white vs other), hepatitis C status, age, estimated glomerular filtration rate, log-transformed highsensitivity C-reactive protein level, and log-transformed soluble CD163 level. b Variables with a P value of < .25 in univariable analysis but not selected for in the final model included race (white vs other), hemoglobin level, triglycerides level, and log-transformed sCD14 level. 
Week 0 data on Log sCD14 level −5.44 × 10 −2 ± 6.14 × 10 .02
Abbreviations: eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; HIV-1, human immunodeficiency virus type 1; hsCRP, highsensitivity C-reactive protein; IL-6, interleukin-6; LDL, low-density lipoprotein; sCD163, soluble CD163; SE, standard error; sTNF-RI, soluble tumor necrosis factor α receptor I. a Variables with a P value of < .25 in univariable analysis but not selected for in the final model included week 0 log-transformed weight, log-transformed HIV-1 RNA load, log-transformed eGFR, log-transformed hemoglobin level, logtransformed triglycerides level, log-transformed sCD163 level, log-transformed sTNF-RI level, log-transformed IL-6 level, and log-transformed hsCRP level and percentage change between weeks 0 and 48 in log-transformed CD4 + T-cell count, log-transformed hemoglobin level, log-transformed HDL cholesterol level, log-transformed LDL cholesterol level, log-transformed triglycerides level, log-transformed sCD163 level, log-transformed sTNF-RI level, and logtransformed Lp-PLA 2 level. b Variables with a P value of < .25 in univariable analysis but not selected for in the final model included week 0 randomization group, sex, weight, CD4 + T-cell count, HIV-1 RNA level, eGFR, HDL cholesterol level, triglycerides level, sCD14 level, and sTNF-RI level and percentage change between weeks 0 and 48 in weight, CD4 + T-cell count, HDL cholesterol level, and sTNF-RI level.
randomly assigned to receive abacavir/lamivudine (ABC/3TC) or tenofovir/emtricitabine (TDF/FTC) with efavirenz or atazanavir/ ritonavir (ATV/r) in a factorial design, changes in markers of inflammation over 24 and 96 weeks were evaluated. Levels of most markers, including sTNF-RI and sTNF-RII, TNF-α, IL-6, and adhesion molecules (sVCAM-1 and sICAM-1) decreased significantly by week 96, without significant differences between arms. However, the hsCRP level decreased less in ABC/3TC recipients, compared with TDF/FTC recipients, and at 96 weeks the hsCRP level was significantly higher than at baseline for the ABC/3TC plus efavirenz group [35] . Finally, to date, ACTG 5260s is the only ART initiation study that compared markers of immune activation and inflammation in the setting of an integrase inhibitor (raltegravir). This study randomly assigned ART-naive participants to receive TDF/FTC along with openlabeled raltegravir, ATV/r, or darunavir/ritonavir (DRV/r). In this study, the hsCRP level decreased with raltegravir and ATV/r by 96 weeks, the IL-6 level decreased with only raltegravir, the D-dimer level decreased with ATV/r and DRV/r, and levels of T-cell activation markers and sCD163 decreased in all groups [38] . Neither sTNF-RI nor Lp-PLA 2 levels were measured in this study. Findings from our study are consistent with those from studies involving HIV-infected participants with virological suppression who were randomly assigned to continue their current regimen or switch to an integrase inhibitor-based regimen (raltegravir). In the SPIRAL study (n = 233), switch to raltegravir from a protease inhibitor (PI) led to improvements in hsCRP, IL-6, TNF-α, and D-dimer levels that could only partially be attributed to improvements in lipoprotein levels in the raltegravir arm [39] . Similarly, in the ANRS 138 trial (n = 164), immediate or delayed switch to raltegravir from an enfuvirtide-based regimen led to improvements in all inflammatory markers tested, including IL-6, hsCRP, and D-dimer levels [40] . Last, in a small study (n = 37), in which woman with virological suppression during their current PI-or NNRTI-based ART regimen were randomly assigned to undergo immediate or delayed switch to raltegravir, the sCD14 level (but not IL-6, hsCRP, or sCD163 levels) decreased significantly in both the immediate and delayed switch groups and was different between the raltegravir and PI/NNRTI groups at week 24 [41] .
sCD14, a marker of monocyte activation and response to lipopolysaccharide, has been linked to subclinical atherosclerosis [11] and mortality [28] during HIV infection. In an observational study, the sCD14 level did not change over a 2-year study period in treatment-naive participants initiating ABC/3TC or TDF/FTC treatment along with EFV, LPV/r, or ATV/r [33] . The lack of decrease in the sCD14 level in the EFV/FTC/TDF group in our study is consistent with findings in this latter study. Interestingly, in our study, the sCD14 level decreased significantly by 24 weeks after initiation of the EVG-based regimen, a finding that may translate into a significant clinical benefit. Indeed, the association seen in our study between changes in sCD14 levels and Lp-PLA 2 levels could have significant mechanistic implications because monocytes and their products could be an important driver of vascular inflammation and atherosclerosis, a hypothesis supported by prior studies linking monocyte activation markers to noncalcified coronary plaques [25] ; coronary calcifications [26] ; aortic inflammation, as measured by positron emission tomography [9] ; and acute coronary syndrome [42] .
Lp-PLA 2 , an enzyme produced by monocytes/macrophages, among other cells, that hydrolyzes oxidized phospholipids on LDL-cholesterol, thereby producing highly inflammatory mediators, has become an important marker of vascular inflammation and CVD risk, independent of other factors [43, 44] . An increased Lp-PLA 2 level predicts both primary and recurrent CVD events in the general population [29, 45] and has been used to further stratify patients with an intermediate 10-year risk for CVD [46] . In our study, the Lp-PLA 2 level decreased significantly in the EVG/c/FTC/TDF group, whereas an increase in the Lp-PLA 2 level was seen in the EFV/FTC/TDF group. Interestingly, while changes in Lp-PLA 2 levels were significantly different between the 2 groups, randomization group was only predictive of change in the Lp-PLA 2 level over 48 weeks when 2 monocyte activation markers, sCD14 and sCD163, were removed from the model. This suggests that the effect of EVG/c/FTC/TDF on Lp-PLA 2 may be mediated through a decrease in monocyte activation.
Mechanistically, it is possible that elvitegravir resulted in more-favorable changes in the sCD14 level owing to possibly higher concentration of drug in enterocytes [21] , which could result in full suppression of viral replication in gut-associated lymphoid tissues and better control over bacterial translocation. Alternatively, since oxidized lipids are known to drive immune activation in the pathogenic development of coronary plaque [47] [48] [49] and because integrase inhibitors overall have morefavorable effect on lipids [19, 20] , it is possible that integrase inhibitors decrease levels of oxidized lipids more than other classes of drugs, and this should be investigated. Last, it has been shown that integrase inhibitors cause a more rapid decline in the HIV-1 RNA level, compared with NNRTIs [24] . Although there was no difference in the proportion of participants achieving an HIV-1 RNA level of <50 copies/mL by 24 weeks in this study, it is possible that this contributed to the differences seen.
Strengths of this study include randomized treatment allocation and large sample size, compared with other published studies evaluating biomarkers longitudinally. Limitations include the relatively short duration over which changes in levels of the markers were evaluated. Although inflammation and immune activation likely improve most dramatically in the first year after ART initiation, a longer duration of follow-up would provide additional information, given that marker levels after suppressive ART are still higher than expected for HIV-uninfected individuals [50] . Last, whether unboosted integrase inhibitors will lead to the same result is unknown. Therefore, these results should not be generalized to patients receiving unboosted integrase inhibitor-based regimens.
In conclusion, initiation of EVG/c/FTC/TDF therapy led to greater decreases in sCD14, hsCRP, and Lp-PLA 2 levels than EFV/FTC/TDF. Randomization group independently predicted changes in the sCD14 level, and changes in monocyte activation independently predicted changes in the Lp-PLA 2 level. There appears to be a favorable effect of the integrase inhibitor elvitegravir, compared with efavirenz, on HIV-related immune activation, which may, in turn, affect vascular inflammation.
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